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Abstract 


The  influence  of  changing  the  magnetic  field  on  the  resolution  and  sensi¬ 
tivity  of  the  omegatron  mass  spectrometer  is  shown  for  krypton.  Good  reso¬ 
lution  may  be  extended  through  the  mass  range  of  the  xenon  isotopes  (mass 

number  138)  by  carefully  selecting  the  operating  parameters  of  the  omegatron. 

844* 

The  resolution  is  plotted  against  the  magnetic  field  strength  for  Kr  ,  and 
follows  the  theoretical  predictions  within  experimental  error.  The  effect  of 
varying  the  other  parameters  of  the  omegatron  with  krypton  is  shown  and  dis¬ 
cussed.  A  summation  of  the  work  with  xenon  is  also  given. 
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Improved  High  Mass  Range  Resolution  with  an 
Omegatron  Mass  Spectrometer* 


1.  INTRODUCTION 

The  need  for  identifying  residual  gases  occupies  a  place  of  first  importance 
in  the  advancement  of  ultra-high  vacuum  research.  A  low  pressure  measure¬ 
ment  alone  does  not  assure  gas  ambient  purity.  At  least  one  harmful  constitu¬ 
ent  may  still  remain.  Identification  of  residual  gases  is  essential  to  the  study 
of  many  phenomena  in  vacuum  with  a  sensitivity  to  surface  contamination. 

The  omegatron  mass  spectrometer  is  a  practical  tool  in  fulfilling  this  need. 
Unfortunately,  much  of  the  literature  states  that  the  instrument  is  useful  only 
through  mass  number  44.  One  notable  exception  to  this  purported  limitation 
will  be  found  in  the  works  of  Dummler,1  who  reports  good  resolution  through 
mass  number  100. 

The  work  performed  in  our  laboratory  extends  the  range  of  the  omegatron 
still  further.  To  date,  good  resolution  is  achieved  through  mass  number  136. 
The  omegatron  clearly  resolves  seven  of  the  xenon  isotopes  in  the  correct  per¬ 
centages  of  natural  abundance,  within  experimental  error. 

The  magnetic  field  parameter  had  the  greatest  influence  on  the  resolution 
of  the  omegatron  in  the  high  mass  range.  An  Increase  in  the  magnetic  field  re- 


*  Presented  at  the  Sixth  National  Conference  on  Tube  Techniques,  New  York 
City,  September,  1963,  Advisory  Group  on  Electron  Devices,  Office  of  the  Direc¬ 
tor  of  Defense  Research  and  Engineering. 
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Figure  1.  Photograph  of  System 


Figure  2.  Variation  of  Resolution  with  Magnetic  Field 


multiple  isotopes  in  the  high  mass  region. 

Magnetic  field  had  a  pronounced  effect  on  the  resolution,  as  can  be  seen  in 
Figure  2.  Note  the  spectra  of  krypton  at  different  magnetic  field  strengths,  as 
illustrated.  The  upper  portion  of  the  figure  shows  almost  complete  separation 
of  the  singly-ionised  peaks  at  6435  gauss.  Based  on  later  studies  with  xenon  in 
which  complete  separation  of  the  isotopes  was  obtained  by  increased  precision 
in  setting  the  trapping  and  r-f  voltages,  it  is  evident  that  similar  results  would 
have  been  achieved  with  krypton,  if  time  had  permitted.  The  percentages  of  the 
natural  abundance  of  the  mass  peaks  were  approximately  in  the  correct  propor- 
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Figure  3.  Average  Resolution  vs.  Average 
Magnetic  Field  for  Kr  84+ 


tion.  Both  experimental  and  handbook  values  of  the  natural  abundance  of  the 
krypton  isotopes  are  listed  in  the  table  of  Figure  2.  With  the  experimental  data 
agreeing  so  closely  with  the  handbook  values,  it  is  apparent  that  the  omegatron 
is  suitable  for  more  than  rough  measurements  of  residual  gases.  The  lower 
portion  of  Figure  2  shows  a  similar  relationship  for  the  doubly- ionized  krypton 
isotopes.  Complete  separation  between  each  mass  peak  was  observed  at  6260 
gauss. 

Figure  3  presents  a  plot  of  the  resolution  versus  the  magnetic  field,  with 
each  plotted  point  representing  an  average  of  six  runs.  Arrows  designate  the 
range  of  the  data.  The  straight  line  is  a  square-law  plot  (that  is,  R  versus  B2). 
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range  of  the  data.  The  straight  line  is  a  square-lew  plot  (that  is,  R  versus  B  ). 
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Figure  4.  Variation  of  Resolution  with  r-f  Voltage 

The  experimental  points  agree  within  the  estimated  error. 

The  importance  of  precise  changes  in  the  r-f  and  trapping  voltages  as  scans 
are  made  in  the  high  mass  region  is  evident  in  Figures  4  and  5.  Figure  4  shows 
some  spectra  of  the  krypton  isotopes  at  various  r-f  voltages.  The  optimum 
setting  for  the  singly-ionized  krypton  isotopes  was  0.8  volt,  while  1  volt  seemed 
to  be  the  best  r-f  voltage  setting  for  the  doubly-ionized  isotopes.  One  can 
readily  see  that  the  identity  of  the  isotopes  is  lost  if  the  setting  is  either  too 
high  or  too  low. 

Figure  5  is  a  series  of  plotted  curves  showing  ion  current  versus  trapping 
voltage  for  krypton.  The  optimum  trapping  voltage  for  Kr+  was  between  0.73 
and  0.8  volts,  and  between  0.85  and  0.9  volts  for  KrH‘. 

Figure  6  shows  a  series  of  curves  of  the  ion  current  versus  the  accelerating 
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Figure  5.  Ion  Current  vs.  Trapping  Voltage  for  Kr 

voltage.  The  ion  current  was  maximum  between  60  and  70  volts.  This  corre¬ 
sponds  to  the  point  of  maximum  ionization  efficiency  for  krypton.  The  appearance 
potential  can  also  be  estimated  from  this  curve. 

With  the  knowledge  gained  from  the  study  of  the  omegatron  with  krypton,  the 
experiment  was  extended  to  include  some  tests  with  xenon.  Complete  separation 
of  seven  of  the  xenon  isotopes  was  obtained  by  increasing  the  magnetic  field  to 
6486  gauss  and  tuning  the  r-f  and  trapping  voltages  one  against  the  other.  A 
very  slight  change  in  either  the  trapping  or  the  r-f  voltage  had  a  marked  effect 
on  the  xenon  pattern.  Figure  7  shows  a  spectrum  of  the  xenon  isotopes  at  the 
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Figure  6.  loo  Current  vs.  Accelerating  Voltage 


beat  aettinga.  The  table  included  in  Figure  7  abows  that  the  percentages  of 
natural  abundance  were  approximately  correct. 


4.  CONCLUSION 


The  range  of  an  omegatron  may  be  extended  through  mass  number  1M  with 
good  resolution  by  increasing  the  magnetic  field  and  decreasing  the  r-f  and 
trapping  voltages.  The  settings  of  the  r-f  and  trapping  voltages  are  very 
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Figure  7.  Xenon  Spectrum 


critical;  they  should  be  tuned  one  against  the  other.  Time  did  not  permit  these 
later  findings  with  xenon  to  be  repeated  with  krypton.  If  the  r-f  and  trapping 
voltages  were  tuned  as  precisely  for  the  krypton  tests  as  for  the  xenon  tests, 
complete  separation  of  the  krypton  isotopes  would  have  been  achieved. 

This  experiment  also  shows  that  By  is  proportional  to  B*.  The  omegatron 
has  proved  to  be  a  practical  tool  for  the  analysis  of  partial  pressures  through 
mass  number  136.  Continued  studies,  undoubtedly,  will  extend  this  range  even 
further. 
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Appendix  A 


Figure  A-l  is  a  block  diagram  showing  the  functional  relationship  of  the 
components  of  the  system.  A  few  comments  about  Borne  of  the  components 
follow. 

A  mechanical  forepump,  block  1,  is  used  for  the  initial  pumpdown  of  the 
system.  A  clean  copper-foil  trap,  block  2,  placed  between  the  pump  and  the 
system  eliminates  the  risk  of  oil  contamination.  These  components  are  sealed 
off  once  the  Vac-Ion  pump,  block  3,  starts. 

The  laboratory-built  electromagnet,  block  8,  is  capable  of  producing  a  vari¬ 
able  magnetic  field  up  to  7000  gauss.  The  magnet  slides  in  and  out  of  the  oven 
on  an  adjustable  mount. 

The  omegatron  power  supply,*  block  9,  also  built  in  the  laboratory,  is  a 
modified  Raytheon  design.  The  circuit  diagram  is  shown  in  Figure  A-2. 

A  strip  chart  and  an  X-Y  recorder,  block  13,  are  used  for  recording  the 
test  data.  Advantages  can  be  cited  for  each. 

VI,  V2,  V3  and  V4  are  Granville -Phillips  Type  C  bake  able  metal  valves. 

The  system  is  pumped  on  continuously  to  prevent  build-up  of  any  contami¬ 
nants  that  may  be  present.  The  continuous  flow  of  gas  is  controlled  by  a 
Granville -Phillips  Type  C  valve. 


♦Design  modified  by  Ernest  Owen. 


Figure  A-l.  A  Block  Diagram  of  Experimental  Setup 
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TUBE  CABLE  COLOB  CODE 

PLUG  BELOEN  NO.  8447- SOCKET  AN  3106A-I4S-6P 
C  FIL  RED  NO  18 
DFIL  BLACK  NO.  18 
E  CT  YELLOW  NO  22 


B  TRAP  ORANGE  NO  22 
F  COLL  GREEN  NO  22 
A  GRND  BROWN  NO  22 


LEGEND 

HP.HELIPOT 
J-TEST  JACK 

SOLAR  REG.  CAT.  N0  20-I3-0G0 


Figure  A-2.  Omegatron  Power  Supply 
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